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Design of a Reinforced Concrete Warehouse 
Preliminary Considerations 

It is the ptirpose of this thesis to economically 
design a reinforced concrete warehouse for storing 
general merchandise to be located in the vicinity 
of Chicago^ Illinois. 

This warehouse is to be located on a lot 
having a frontage of 150 feet on a street and 200 
feet deep and so situated that side tracks could be 
run into the building at an elevation about 20 feet 
below the street. 

It was thought best to make the building U 
shaped and to rxin two tracks into the center of the 
U each able to hold three cars« A floor is to be built 
over the tracks, for wagons to drive on, having an 
entrance from the street through the base of the U. 
This floor is to be about the same level as the 
street and to be covered by a roof of steel roof 
trusses and tile roofing with skylights of glass tile 
(See Drawings No* 1, 2, 20 & 21) 
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General Flan. 

Two different designs of column spacing and 
beam arrangement were made together with a rough 
estimate to determine the relative costs « In making 
this estimate, that portion of one floor of the 
building forming one leg of the and the driving 
floor were roughly designed for each case and 
quantities of steel and concrete computed. These two 
designs were called Estimate Design No* 1 and Estimate 
Design No* 2« 

Having determined which design was more 
economical! a final design was made in much the same 
manner as the preliminary designs but in more detail. 
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-Specifications for Preliminary Designs 

No drawings were Liade for the preliminary 
designs. The girders were figured as simple teams in 
each case, and while this is not correct, it was con- 
sidered sufficiently accurate for an estimate. 

As the "building was designed for storing gen- 
eral merchandise, the loading on the floors was 
assumed to "be 250 pounds per square foot and that on 
the driving floor, 350 pounds. 

The unit working stress of steel in tension 
was taken as 12000 pounds per square inch. The unit 
working stress of concrete in compression was taJcen as 
600 pounds per square inch in beams and 500 pounds per 
sqaare inch in coluirins. The size and wei^ixt of each 
member w^as first figured and tiien refigured with the 
weight of the member added to the loading, the weight of 
the reinforced concrete being taken as 150 pounds 
per cubic foot. 
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NOTATION 



L denotes length of span in feet 

W denotes load in lbs. per lin. ft. of team 

fg denotes unit fibre stress in steel 

f^ denotes unit fibre stress in concrete at its 

compressive face. 

E denotes modulus of elasticity of tlie steel 
s 

denotes modulus of concrete in compression 
n denotes ratio Eg divided by E 
b denotes breadth of a rectangular beam 
d denotes distance from the compressive face to the 

plane of t'le steel. 
A denotes area of cross section of steel 
p denotes steel ratio A divided by bd 



t 



<4 




In T Eeaias 



b denotes v/idth of flange 
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d denotes effective depth of beam 

"b * denotes Vv idth of web 

t denotes thickness of flange 
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PRELIMITTARY DESIGN NO. 1. 
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IT.OOR SLAB. 
L » 7.5' W » 250# 

M ■ i X 250 X (7.5)2 x 12 « 21,020"#B 



-J^ = 109 = ^1.02 



VT2'iri69 ^--^ 

Wt of lin. ft. of slat «-iJ3t 4.1_^ « 50.2# 

144 

W = 250 + 50 « 500# 

M = i X 300 X (7.5)2 X 12 = 25,250»#s 



^ = 109 = 25.250 
12 X 



1/^250^, « 4 4,, = 4A,, 
lri2 X 109 • ' 



12 X 109 

Area of steel = .0107 x 4.4 x 12 = .565 sq. inches. 
CROSS BEAMS. 



d « t(£B +1) d « 4.375(12000 + l) = 10.2' 
nfZ 15 3C 600 



W s 300 X 7.5 = 2250# 

M a i X 2250 X 297.5 X 12 a 1,002,500"#B 
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A = ? 1.002.500 = Ii00|j500. 4.7 

eq. inches. 

C « ,^ ,■■ = 1.00 2.500 = 56,300# 
(d - Wf 17.81 * 

f C = H « JiC = 2^ 56.300 ^ 112.600 , .^w 
^ Tfc 4,375 X 600 2,620 

■b « 6" 

Vt per ft. of beam 6 x 15.63 ^ 150 * 97. 5# 

144 

W s 2250 + 98 = 2348# 

IT s i X 2348 X 297.5 X 12 = 1 ,048 , 500"#6 

A a 1.048.50 _ 1.048.500 - a at cn 1«f.>im 

^ r2?r^2Ti^iro^o 215, eoa '"- ^^i- 

CICTTER^ GIRDERS, ^^^o* 
II- 2£ ± 



s (40,650 X 11.25 - 40,650 x 3.75)12 ' 3,662,000"#B 



s 109 a 3.662.0 00 
"bd-^ 24 X d^"" 



d = 



I /3, 662. 000"*"- 4 w 

Google 
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Wt per ft, of "beam » ^"^^144 ^ " 

M • (51,160 X 11.25 - (40,650 x 3.75 + 935 x 11.25 
X 5.625)) 12 * 4,360,000#"s 



m 4.360.000 
^ « 109 « 1^ ^ 



000 



40.85" 



^ of steel -I S4 X 40 . 95 x .01 ■ 9.8 eq. inches . 



E>rD GIRDERS. l> 



M « (20,325 X 11.25 - 20,325 x 3.75) 12 » 1,809,000" 



_M . 109 JuL8|9xg20 
bo* 16 xd** 



(46 X 10"^ 



= 32.19 



Wt. per ft. of beam « x 150 » 535. 5# 

M a (26,350 X 11.25 - (20,325 x 3.75 + 535.5 x 11.25 

X 5.625)) 12 » 2,231,500"#s. 
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END GIRDERS. 

* ' \^^~- 

^ of Bteel » 35.8 x 16 x .ol » 5.72 8q, Inches. 

CMTER COLUMNS. 
Load on column due to one floor « 142,970# 

A « 11 

( 1 + (n . DP) 

Wt of 10' column » ||i x 10 x 150 « 2615# 
P' a 142,970 + 2615 « 145,585 

56Q(i*f ( n > DP ) - 255.7 sq. inches. 
SIDS C0LU1«NS. 
Load on column due to one floor » 73,025# 

A « , , 73,025 a 128.1 sq. Inches. 

* 556(1 +|n - DP) 

Wt. of 10* column » l§§4i x 10 x 150 « 1335# 

144 



Digitized by 



Google 



Digitized by 



Google 



11 



Area of steel « 1,3 sq. inches. 



CORNER COLUMNS. 
Load on coliixnn due to one floor a 46,675# 

Wt of 10» column » x 10 xi.50 » 854. 5# 

P' » 46,675 + 853 « 47,530 



Area of steel « .84 sq. inches. 



Ho • Member 



Cu. Pt. per Member 



Cu.It. 
Con. 



16 Slabs 



4375 X 12 X 17.25 x 22. 5« 
144 

141.5 ft3 



2264 



16 Cross Beams 15.62 x 8 x 17 25 = 15 f t'^ 8*0 

144 

16 Center Girders40 85 x 24 x 22.5 153 ft3 2450 

144 

2 End Girders ^5.8 x 16 x 22.5 « 89.5 ft3 179 

144 
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8 Center Columns 2 55 , 7 iq s 17.75 

144 

17 Side Columns i^!-?- x 10 » 9.05 

144 

2 Corner Columns Q^*^ x 10 » 5,8 

144 



142 
154 
12 



■§541 



« 224 cu. yds, 



Ho. Memlser 



Cu. Pt. per Member 



L1)s. Steel 



16 Sl&ToB 



.565 X 22. 5j, 17.25 » 1.52 ft3 11900 
144 



56 cross Beams i^||xl7.25 - .575 ft^ 

16 Center Girders 9.8 ^2.5 » 1.53 ft3 

144 

2 End Girders 5.72 ^ 22.5 » .895 ft3 

144 

17 Side Columns ii^O ^ xO ■ .093 ft3 

144 



15800 

12000 
875 
774 



2 Corner Columns x 10 » .0584 ft^ 
8 Center Columns %|| x 10 - .178 ft^ 



57 

696 
42,16;^ 
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DRIVEWAY FLOOR. 
Loading « 350# per square foot. 

SLABS. 



M . 350 X X 12 a 22,190"#6 



* h?-^.,. -4, 115" 



xW 

Wt. of one lin. ft. of Slab - ^'^^^ UA^ ^ ' ^^'^ 

W a 350 + 51.5 a 401.5 

K , 401,5 (^5)2 X 12 ^ 25,400"#S 

Area of steel » 4.41 x 12 x .01 » .53 sq. inches. 
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CROSS BEAITS . 



W 

H 
C 

\) 

To 



350 X 7.25 « 2539# 
2559 X (1 7.25)2 12 ^ 903. 000 "#6 

M a 903.000 50,800 

-(d~4t) (20 - 2.2) 

2C . 101.600 = 12Li6pO_ = 38.4" 

■ 4.41 x"600 2,647 

8" 



Wt. of one lin. ft. of Beam * ^^^-f — x 150 » 166.5 



W = 2539 + 167 s 2706 



M = 2706 X^(17.75j2_x^ ^ 964,000 



M 



964.0 00 ^964. 00 ^4 5-, -„ . 

( 20 - ^.2)l2000 ^137e5-0- ^'^^ 



CEITTKR GIRDERS. 



7-y 
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M a (69,980 X 14.5 - 46,650 x 7.25) x 12 « 8,110,000 



-i. = 109 = 8,110.000 
td*^ 36 X 



d = 



l /QlO .OOO s 45 ^« 
1/36^109" 



Wt. of one lin. ft. of beam « 36 x^ 45.5j ^. 3^50 = 17095^ 
¥ - (94,230 X 14.5 - (46,650 x 7.25 + 1708 x 14.5 x 



7.25) )12 » 10, 197, 000 '•#6 



bd^ 



= 109 a 10.19 7.000 
36 X d* 



d = 



If 



0^.97.000 



« 51' 



[36 X 109 

Area of steel * 51 x 36 x .01 « 18.35 sq. inches. 



7^ 



END 



GlRDliRS . 



7 .T " 
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M « (34,987 X 14,5 - 23,325 x 7.25)12 » 4,060,000"#B 



Dd^ 24 X a2 



d a- 



¥t. of one lin. ft. of beam » ^^44^^*'^^ " 



M ■ (49,282 X 14.5 - (23,325 x 7.25 + 985 x 14.5 x 
7;25))12 » 5,310,000"#8 



^ , 109 5t5}V8» 



y 24 



310.000 m 45.06" 
X 109 



Area of steel * 24 x 45.06 x .01 » 10.81 eq. Inches. 

CONCRBTE. 

Ho. Members, Cu. Pt. per Member Cu.Pt 



16 Slabs ^^^^.^.^^ ^ ^'^'^^ X 29 « 183.7 2940 

144 

56 Cross Beams 1?»Q 8 ^ 17.25 « 17.05 954 

144 

14 Center Girders 51 x 36 -r 29 - 370 5130 

144 
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CONCRETE (continued) 
No. Members Cu. Pt. per Member " Cu , pt, 



2 End Girders 24x45.06 ^ 29 » 218 436 



353 CU. Yds. 

STEEL. Lbs. 

16 Slabs x 29 « 1.24 14,400 

56 Cross Beams x 17.25 » 0.54 14,800 

14 Center Girders ^ 6*35 , 29 =3,695 25,300 

144 

2 End Girders 10. Ql x 29 « 2.18 2.135 

"4 56,6i6# 
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PRET.IMIWARY DESIGN NO. 2. 
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7L00R SLAB, 
L ■ 7»8" ¥ ■ 250 

jj , 7.66^ X 250 X 12 , 22,100 

P » .0107 



22,100 
^ » 109 » 12 X d>i 



a2 a 22.100 - -lA o 
d » 4.11 » 4i" 



¥t. of Lin. ft. of Slab -uisll^|Jt2_ x 1 x 150 « 51. 4# 
W « 250 + 51.4 » 301. 4# 

U . 30,1 X 7,66^ X 12 = 2g^58o 
8 

P » .0107 

^ 12 3C d2 

0^ -15^1-0-9- 

d « 4.5" 

Area of steel « .0107 x 4.5 x 12 » .578 sq. inches. 
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CROSS BEAMS. 



W « 300 X 7.66 a 2,300 



M ■ i X 2,300 X 225 x 12 ■ 775,500»#8 



M 



TT^ 5 X 600 



A 



775_i500 



TdnrTO? ' (16 -2.25)12600 " 

8 



8' 



Wt of lin. ft. of beam - ^144^^ ^ 1^0 ■ 133# 



W « 2,300 + 133 a 2,433# 

M « i X 2,433 X 225 x 12 « 820,000»'#b 



If 



(d - tt)f8 



820. eeo , 4 075 4^ 

(16 - 2.25)12000 



CENTER GIRDERS , 



7 e 
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U » (36,500 X 11.5 - 36,500 x 3.83)12 « 3,230,000'»#8 



M s 109 » 3.230.000 
^ 24x52^ 



/3. 230.005" 

/E4 £i6r— 



35.15" 



Wt per ft . of beam « ^ 144^^ 150 « 878# 

M « (46,600 X 11.5 - (36,500 x 3.83 + 878 x 11.5 x 5.7$ 



X 12 



U » (536,000 - (139,800 + 58,050) )12 » 4,058,000 



058jJ)0tr 



X 109 



= 39.4" 



Of Bteel ■ 39.4 x 24 x .01 » 9.45 sq, inches. 



jEND GIRDERS ^ 

Hi 



s: 



7g 
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M » (18,250 X 11.5 - 18,250 x 3.88)12 » l,561,500"#s 



« 109 » 1« 561. 50 



/OH 
|/l6 X 



561.500 . 29.9" 
- 109 

Wt per ft. of Beam » ^^144^^*^ ^ " 498. 5# 

M a (23,980 X 11.5 - (18,250 x 3.88 + 498.5 x 11.5 x 5.75)) 

X 12 « 2,060,000'»#8 



ft 



Area of slab « 34.4 x 16 x .01 » 5.5 sq. inches. 
CEIJTER COLUMNS. 
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Wt on column due to one floor » 46,600 x 2 + 36,500 * 
129,700# 

^ - w?tm— i).oi - ^^'-^ 

wt of 10' column » 3C 150 x 10 » 2370# 

144 

P' » 129,700 + 2,370 « 132,070# 

A - . i) a) ■ 

Area of steel » 2.32 sq. inches. 

SIDE COLUMNS. 

Wt on column due to one floor » 23,980 x 2 + 18,250 « 
66,210# 

A - 560(l'(if2 D.oi - ^^^-i 

Wt of 10' column « -jH^ 150 x 10 = 1210# 

P - 66,210 + 1210 » 67,420# 

^ •^wH-^i^-rm^ ' ^^^-^ 

Area of steel » 1.18 sq. inches. 
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CORNER COLUI^IS. 
Wt of column due to one floor « 23980 + 18,250 « 42,23(# 

^ %60(u''(if- D.Ol) - '^-^ 

wt of 10' column ■ x 10 x 150 » 772# 

144 

P » 42,<30 + 772 ■ 43,00S# 

* WT-*?il ■- IX-OI) - ".5 8,. mohee. 
Area of steel « .76 sq. inches. 

No, Member Cu. Pt. per Member Cu. Pt. Cai 

54 Slabs 
57 Cross Beams 
12 Center Columns 
14 Side Coliimns 

2 Comer Columns 
12 Center Girders 

12 End Girders 

6053 



144^ ^ 15 X 7.66 « 43.1ft3 2325 

^"'"144^ ^ X 15 « 9.56 ft3 545 

X 10 a 16.11 ft3 193 

144 

li§jJL X 10 « 8.2ft3 115 
144 

2555 xio = 5.25 ft3 11 
144 

^l^fjL^i. X 23 - 151 ft3 1810 

^^£44' X 23 « 87.8 ft3 1053 



^053 t 

Google 
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No. Member Cu, Ft. Steel per Member 



Lb8. 6te& 



54 Slab8 

57 Cro&8 Beams 



0-578 J 15 ^ 23 « 1.383 ft^ ^6500 



X 15 » .518 ft3 

144 



12 Center Girders lii^ x 23 = 1.51 ft^ 

144 



12 Snd Girders 



1^ X 23 a 0.818 ft' 



12 Center Columns ^'^.^ x 10 » .161 ft^ 

144 

14 Side Columns x 10 ■ .082 ft^ 



2 Corner Columns 



.76 



X 10 a .0528 ft* 



1450 

8880 
5160 

948 

563 

49 
^3,550 



DRIVEWAY FLOOR. 



Loading » 350# per sq. ft. 



SLABS. 



Same as in Case 1. 



CROSS BEAMS. 



W a 350 X 7.25 a 2539# 



^ 5^ 9 Z , 3C 12 , 1,609, 500"#s 
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C « 



95,10 ( 
2,647' 



^ = 47.600 X 2 a 95,10 = 3^ g^n 
tfc 4.41 X 600 ^^'^^ 



15" 



Wt of one lin. ft. of team = ^5 x 3 3^50 « ggj^^ 

144 



W = 2539 + 561 - 3100# 



M a 5100 X (25)^ X 12 

10* 



1,97 5, 000 "#6 



M » 1.975.000 „ . 

d --"Ttyf;- ( 56 - 22)12000 « 4.865 8q. inchaB 

CENTER GIRDERS . 

7/,30O' 7/,^Oo' 7(700" 



r 3- 



7^7 



M = (106,950 X 14.5 - 71,300 x 7.25)12 = 12,410,000^ 



= 109 = 1 2.410.000 
bd<6 36 X 
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d = 



1 / 12.41 0.000 = 56^4« 
V36 X 109 



Wt of one lin. ft. of Beam » 56 x 56.4 ^ 150 * 21i;# 

144 

M « (137,574 X 14.5 - (71,300 x 7.25 + 2112 x 14.5 



X 7.25) )12 = 15,015,000"5^t6 



M a 3^09 « 15.01 5.000 
tdii 36 X 



15.015.00 g 
36 X 109 



= 61.9" 



Area of steel » 36 x 61.9 x .01 = 22.25 sq. inches. 



END GIRDERS . 



r 3 > 



21^ 



7'^ 



K a (53,475 X 14.5 - 35,650 x 7.25)12 s 6,075,000»#6 



= 109 » 6.075.000 
bdJc 30 X 
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¥t per lin. ft. of Beam x 150 « 1349# 

M » (73,000 X 14.5 - (35,650 x 7.25 + 1849 x 14.5 x 7.25)) 



X 12 « 7, 900, 000 "#s 



109 



7 ,900.00 
30 X di^ 



7,900.00 „ 2„ 
30 X 109 ^^•'^ 



Area of steel » 30 x 49.2 x .01 « 14.75 sq. inches. 



DRIVING IXOOR. 



No. Member Cu. Pt. per Member 



Cu. Pt. 



12 Slabs 

42 Cross Seams 



^f'*^ 3C ]L2 X 23 X 29 « 245.2 
144 

ILJL A3.® X 23 a 81 
144 



10 Center Girders ?^ ^ , x 29 » 448.5 

144 * 



2940 
3400 

4485 



2 End Girders 



30 X 4 9^. 2 x 29 = 297.7 
144 



595 



1142 

27" 



424 cu, yds. 
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STEEL. 



No. Member 



Cu. Ft, per Member 



LtB. Ste 



12 SlalDB 

42 Cross Beams 



0-53 x.^3x 29 « 2.45 
144 

X 23 » 1.14 



10 Center Girders 22»25_ ^ £9 « 4.48 

144 



2 Bnd Girders 



X 29 a 3.625 

144 



14400 

23420 

21970 

3555 
63,345 
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PINAL DESIGN. 



Digitized by 



Google 



Digitized by 



Google 



31 



-Pinal Considerations.- 

Very little difference v;as found betv/een the 
quantities of steel and concrete required in the two 
designs. Design No. 1 was selected because jt gave 
a better spacing for the roof trusses. It v.as desir- 
able to have the roof trusses bear on columns 
and No. 1 gave the trusses a spacing of 17 ft. 3 ins., 
while No. 2, a spacing of 23 f t . ins., whJch is too 
large. 
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Speoiflcations for Final Design. 

The concrete used was a 1-2-4 mixtxire with 
an ultimate cozopressive strength of 2400 lbs« per 8q« 
In. J giving a working stress of 600 lbs. in beams 
and 500 lbs« in columns « The steel selected had an 
elastic limit of 36,000 lbs« per sq« in., giving a 
working stress of 12000 lbs. per sq« in« 

In order to systematise sjid reference the 
computations, the building was divided into five sections 
numbered A, B, 0, D, & E, as shown by one of the 
accompanying drawings. ( See Drawing No. 1) 

It was decided to make the walls of brick, eight 
inches thick, and have them rest on top of the side 
beams and girders. The cross beams in the walls as 
conrputed were the same as the center beams and, 
although the girders as computed were a little smaller, 
it was thought best to make them the same size as 
the center girders. 

The roof was given a slope on one inch to one 
foot ajid was covered with four thicknesses of felt 
and a coat of tar and gravel. 

The pressure allowed on the foundation was 
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two tons per square foot and as no footings were 
allowed to project outside of the building line, it 
was necessary to design cantilever girders. 

Plain round bars were used for reinf orceinent 
as the merits of the patent reinforcing are soioewhat 
doubtful and the adhesion between concrete and plain 
rods is known more exactly. 

About one half of the longitudinal reinforcement 
in the beam and girders was turned up near the quarter 
points but iras not counted on as web reinforcement 
Sufficient stirrups were put in to supply all the web 
reinforcement needed. 

In the girders where the negative moment over 
the supports is very great the stirrups were reversed 
so that they would be better anchored in the top of 
the beam which is the tension side at these points. It 
was also necessary tb have the girders of greater 
depth over the supports. This deeper part was 
connected to the other part by a curve of ten foot 
radius I tangent to the shallow part of the beam 
a^d intersecting the deeper part at the side of the 
columns • 
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In designing the columns all the required 
steel was placed longitudinally and was held in place 
by one eighth inch wire bracing placed every six 
inches* No columns smaller than twelve inches were 
used €tnd all the fourth floor columns were of this size. 
Detail drawings were made of all the members on a scale 
of three eighths inch to one foot and one inch to one 
foot and also two drawings showing cross sections 
of the building on a scale of one eighth inch to one foot 

In detailing the members , fillets were put in 
the corners and the sharp edges were cut off so as to 
avoid sharp reentrant angles into which it is hard 
to get the concrete to flow. 
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Design of Slabs, Beaias, and Girders 
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SECTION A. (See Drawing No. 3) 
FLOOR SLAB. 

Z » 7.5' W « 250# 

f a600f5|L8q. inch » 12000#L8q. inch 

c 

M « 1/10 X 250 X (7.5)2 x 12 » 16,800"#8 



¥t of lin. ft. of S?.a"b « ^— ^44^- » 150 « 44. 9# 
W « 250 + 45 a 295# 

M « lAO X 295 X (7.5)2 x 12 » 19,870"#8 



M « 109 - igiQ'^Q.. 



" IZP^STO _ = 3.9» Use 4« 
|[2 X 109 

Area of steel » .0107 x 3.9 x 12 « .5 sq. inches. 

Over Siqpports 
M « IA2 X 295 X (7.5)2 x 12 » 16,550«#8 
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M » 109 « 16^550 
Td2 12 X 



d » 



nXx 



* 3.56" 

X 109 



Area of steel » 3.56 x 12 x .0107 » .457 eq. inches. 

CROSS BBAJIS. 
d.t(£|-*X) d.3.94§2^+l) .9.1- 
W a 295 X 7.5 » 2210# 

M » lAO x 2,210 X (17.25)2 x 12 « 788,000"#8 

C ■ M ^ 788.000 - 35 700* 

^ (d - it) " i>265 35,700# 

b = 2C a 2 X 35700 = 30.5" 
tfc 3.9 X 600 

b« a 12" 

Wt per ft. of Beam » x 20 =» 167# 

144 

W « 2210 + 167 » 2377# 

If » lAO X 2377 X (17.25)2 x 12 » 849,000»#s 
A s F a 849000 - i>» 

TcnnFt)fs (24 - 1.95)12600 ■ ^•'^ 

Over Supports. 

M «* IA2 X 2377 X (17.25)2 X 12 » 706000"#s 
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K , lAo - 706000 ^ 
Hd^ - 109 . ^ ^ (24)2 



706000 
109 X 576 



12" 



Area of steel » .01 x 12 x 24 » 2.88 sq. Inches. 
End Shear « 2577 x 17.25 , 20,440# 

Shear carried hy concrete « 12 x 24 x 30 » 8,640 

Shear to be carried by steel « 20440 - 8,640 = 11,800# 



Area of steel 



11800 
12000 



.984 sq. inches. 



Area of stirrup « = 
Average shearing stress » 



,49 



20,440 
12 X 24 



71# y sq. 



inch 



CMTBR GIRDERS. 



41,000 



7.S' 



M « 41,000^x 22.5 x 12 , £30,000 



M » 109 s 1.230,00 
TI2 " - 20 X d2 
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d * 



^20 X 109 



Hegatlve Moment. 
„ , 41000 X 22.5 X 12 , 2,460,000»#8 

Vt per ft. of Beam » » 150 « 700# 

144 

Pos. B.L. Moment » IP^ ^ ^^^'^^^ ^ * 425,000»#8 

Negative B.L. Moment « 700 x^U2.5)2 3 c 16 « 3.54000"#8 
Total Positive Moment » 1,230,000 + 425,000 » l,655,0ao"#8 
- 109 ^ 1 ^655 .000 

• 20 X 1( 



jOOO a 27.8" 
1?)9 



Area of steel « 27.8 x 20 x ,0107 « 5.95 sq. inches. 
Total Negative Moment « 2,460,000 + 354,000 * 2814000 "#s 
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■fe -109 S^ii^ 

Area of Bteel » 35,9 x 20 x .0107 » 7.68 sq. inches. 

End Shear - 41,000 + 222^^^ " «.860 

Shtar carried by concrete = 30 x 20 x 30 « 18,000 

NeceBBary web reinforcement « ^12066 incheB 

Area of stirrup ^t^^ « 1.34 sq. inches . 

Average shearing stress at point of max. moment and 

max. shear « « 83# 1 sq. inch. 
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SECTION B. (See drawing No. 4) 
FLOOR SLAB. 

Same as In Section A. 

d - 3.9" Use 4" 

Area of steel » .457 ftC[* inches. 

CROSS BEAMS. 

d . , „ 4 . 4(^,00 * 1) - 9.35. 

c 

W a 295 X 7.5 = 2210# 

If « lAO 3C 2,210 X (15)2 X 12 a 596,000"#s 

. c 

b » 12" 

Wt per ft. of Beam « ^ ' 

W a 2210 + 285 » 2495# 

M s lAO X 2495 X (15)2 X 12 » 673,000"#8 

A _ M , 673,000 = 2.81 sq. inches 

(d - i t)f (22 - t 4)12000 

8 
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Over Supports. 
W » 1A2 X 2495 X (15)2 X 12 a 561,000»#6 



» 9' 



= 109 » 561.000 561.000 
^ FirW)2 ^ ° 515 X 10 9 

Area of steel » .0107 x 24 x 9 » 2.31 sq. Inches. 

End Shear = .2, ^95 x ,15 = i8,700# 

Shear carried by concrete » 12 x 22 x 30 » 7,900 

Shear to be carried by steel « 18,700 - 7,900 10,800# 

« 0.90 sq. Inches 
Area of stirriq) » ^'fp » 0.45" 



Area of steel - ^ 



Average shearing stress ^^^ir^ * 70. 1#^ sq. inch 



12x 22 
CENTER GIRDERS. 



I 





U ^ — J 


L 


f* — — H 




t 


w 


1 


. ^ 






A 


^ 
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M « 37 « 40 X 22,5 x 12 » 1,120»000»#8 

9 



«M « « 1,120.000 
d = I, 

rr:i2o.ooo . 22.7" 

pO X 109 

Negative Moment over Supports, 

M « 57.400 X 22.5 X 12 x 2 „ 2,240,000"#s 
■g^ . 109 » 2^240.000 

l/l^fVgf - 32.1 - Use 32i« 
¥t per ft. of Beam « 32 '25 . ^^20 ^ ^^g^ ^ g^^^ ^ 

POB. P.L. Konent = £71 ^, |22.5)^ 2 , 410,000"#8 

10 

Neg. B.L. Koment =t £ZJLJ^ 3Lj-2, = 342,000"#« 

( 

Total Positive Moment « 1,120,000 + 410,000 « 1,530000" 



» 109 1«530.Q 00 
20 X 

If 20 X 109 



26.5" 
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Area of steel « ,0107 x 20 x 26.5 « 5.67 sq. inchea. 
Total Neg. Moment « 2,240,000 + 342,000 * 2,582,000"#8 



^ . 109 - 2.582,000 
Dd* 20 £cP 



' \rp8f.00^ " 34.5' 
V20 ic 109 



'■goT 109 

Area of eteel « .0107 x 20 x 34.5 « 7.38 sq. inchcB. 
End Shear » 37,400 + ^"^^g^ ^^'^ " 44,950# 
Average shearing stress at point of max. moment and 
max. shear « iL^.i.^.^P,. » 78 # 1 sq. Inch. 

JUM. siioau. 28,5 X 20 J. "H. 

Shear carried by concrete « 28,5 x 20 x 30 - 17,100 
Shear to be carried by steel » 44,950 - 17,100 « 27850# 
Necessary reinforcement a ^ - ^^ . ^^PP . « 2.32 sq. inches. 
Area of stirrups » %^ » 1.16 sq. inches. 
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SECTION C. (See drawing No. 5) 
FLOOR SLAB. 
Z = 6.0' W = 250# 

= 600# 1 sq. inch fg a 12000# 1 sq. inch. 
M a lAO X 250 X (6)^ X 12 » 10,800''#8 

^ = 109 - lOQQO 2 

^bd^ -^"^ 12 X 



MHPO - » 2.87" 
E2x iS9 



Vt of lin. ft. of Slab » f.?*^''^ x 150 = 35. 9# 

144 

W « 250 + 36 « 286# 

1£ » lAO X 286 X (6)2 X 12 a 12,350"#s 



M a 109 3-2.350 
-bd2 12 X d2 



d * 



/ 12 



350 . . 3. 075" Use 4" 



X 109 

Area of eteel « .0107 x 4 x 12 » 0.514 eq. inches. 

Negative Moment « i/L2 x 286 x (6)^ ^ 12 » 10,300"#b 
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-^2 12 X d2 



('12 X 109 

Area of steel « .0107 x 2.8 x 12 « 0.36 eq. inches. 

CROSS BEAMS, 
a = t(^ + 1) d - 4 (^H20j^ * 1) - 9.34 

C 

W « 286 X 6 = 1715 

M « 1/10 X 1715 X (15)2 X 12 a 464,000"#s 

P - M a 464,000 _ 25 8004 

^ ( d > it ) (26 -i 4 ) 25,800# 

b « 2C , 2 X 25.800 , 21.5" 
t7^ 4 X 600 

13 « 12 

Wt per ft. of "beam = ^ x 150 « 250^^ 

144 

W s 1715 + 250 a 1965# 

Iff » lAO 3C 1965 X (15)2 X 12 » 530,000"#s 
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Negative Moment over Support. 



v. a 1/12 X 1965 X (15)2 ^ 12 » 441,000"#8 

JL^ » 109 = 441i020 = f41>000 = 10.13" Use 12' 

^dT FxTSop^ (20)^ X 109 

Area of steel = .0107 x 20 x 12 » 2,57 sq. inches. 



End Shear = i25|>iLi:l « 14,750# 
Average shearing stress » i o'^^^on 



61. 5# 



Shear carried by concrete « 12 x 20 x 30 » 7,200# 
Shear to be csurried by steel » 14750 - 7,200 = 7,550# 

Area of steel « ^^550 , o.63 sq. inches. 

Area of stirrup = 2jl|1 a 0.315 sq. inches. 



I 



CENTKR GIRDERS. 
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M a 2 9,500 X 18 X 12 = 7 08, 000 "#8 
Negative Moment over supports 



K ^ 2 X 29,500 X 18 X .12 = i ,416 ,000''#s 



M = 109 -1.416.Q00 
-Td2 ^ 18 X d'' 



1.416,000 = 26.9" 
18 X 109 

¥t per ft. ofBfeam = 1§_^_^£- x 150 = 450# 
*^ 144 

Pos. P.L. Moment = 4 50 x (18)2^x 12 . i75,000"#s 

Neg. P.L. Moment = ^^5J^^}1jUS^ « 146,000"#8 

Total Pos. Moment = 708,000 + 175,000 « 883,000"#s 



M = 109 = 88 3.000 
-M2 18" xd- 

d =1 /885.000"^ = 21.2" 
1/18 X 109 

Area of steel « .0107 x 18 x 21.2 = 4.08 sq. inches. 
Total Neg. Moment « 1,416,000 + 146,000 - 1 ,562,000"#s 
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d -I 



"1/ 1.562T00C 
X 109**' 



000 ,28.2" 



Area of steel - .0107 x 18 x 28.2 = 5.43 sq. inches. 
End Shear - 29,500 + i^^. = 33.910 # 
Average shearing stress at least section = 



53 1 910 « 89# 

21.2 X 18 

Shear carried by concrete = 18 x 21.2 x 30 = 11,450# 
Shear to be carried by steel « 33,910 - 11,450 = 22460# 
Area of steel = ^^^Sl = 1.88 sq. inches. 
Area of stirrup » » 0.94 sq. inches. 

4Ct 
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SECTION D. (See drawing Ifo. 6) 
PLOOR SLAB. 

/ = 7.33 W a 350# 

s 600# 1 Bq. inch fg = 12000# 1 eq. inch, n = 15 

M « 1/10 X 350 X (7.33)2 x 12 = 22,600»#8 



= 109 = 2^1600 , 
Td«^ 12 X 



d = 



f|2j_600 _ = 4^1611 or 4.25' 
12 X 109 



Wt of lin. ft. of Slah « i2x4.J5_ ^ « 53.1# or S 

144 

¥ s 350 + 55 = 405# 

H » lAO 3C 403 X (7.33)2 x 12 = 26,100"#s 



« 109 = 26JX)0 ^. 
^dP 12 X <ir 



d = 



Area of Bteel =..0107 x 4,75 x 12 = 0,^sq. inches 
Negative Moment = 1/12 x 405 x (7.33)^ x 12 = 21,800"#6 
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-X, = 109 = 



y 12 X 109 



d = 

.07 or Ai" 



Area of steel « .0107 x 4.25 x 12 * 0.55 sq. inches. 
CROSS BEAIIS. 



d = t(£6 + 1) d » 4.5(l|aOPO + 1) = 11.7" 
nfjj 15 X 600 

W = 405 X 7.33 = 2970# 

IT » lAO X 2970 X (15)2 x 12 » 802,000"#s 

f, a L = 802.000 = 6 02.000 , ,7 qoq^ 

^ TT^Tt) (24 - V5) ^rr75 37,000# 

2" 

V = 2C - 2 X 3 7.000 a 27 4" 

^ "w; ~ 6*00 

b = 12" 

Wt. per ft. of beam = 24 3^50 - 3oo# 

W a 2970 + 300 = 3270# 

M a 1/10 X 3270 X (15)2 X 12 « 8ei,000"#6 



A = M . « 881,00p^_ = 3,38 gq. inches. 

(d - tT„ T24 - 4.5 O12OOO ^ 
2 ® ~ 
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Negative foment over support. 



M » j/12 X 3270 X (15)2 x 12 * 735,000"#8 



^ « 109 735,000 

b = 755jiSPO 8 11.7 " or 12" 

Area of steel « .0107 x 12 x 24 « 3,08 sq. inches. 

Bnd Shear = 3270 x 15 _ 24,500# 

Average shearing stress jb24ji500 ^ 85# 

Shear carried by concrete « 14 x 24 x 30 » 10,100# 

Shear to be carried by steel « 24,500 - 10,100 = 14400# 

Area of steel = 1.18 sq. inches. 

Area of stirriq» = l.« ,16 = ,59 sq. inches. 

2^ 



2^ 
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M « 48000 X 22 xlZ , i,268,000"#8 

Negative Moment = 2 x 48000^x^22 x 12 = 2536000 

_U « = 2,536,000 

20 X 



5^6 /5^0 



Wt. per ft. of Beam-^-2p.JL,51ii- x 150 » 710# 

144 

P08. P.L. Foment = « 412000"#s 

Negative B.L. Moment « ?10 |,l22jg x 12, 344,000"#B 
Total Po8. Moment « 1,268,000 + 412,000 » 1,680,000"#8 



^32 20 X 



* l Ai68 6'rot>? B 27.8" 
^20^ 109 

Area of steel « ,0107 x 20 x 28 « 6.0 sq. inches. 
Total Neg. Moment « 2,536,000 + 344,000 = 2, 880, 000 "#8 
K _ mo - 28 80000 



1^ 



.860* 00 = 36.3- 
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Area of steel ■ .0107 x 36.3 x 20 « 7.77 sq. inclies. 
End Shear = 48,000 + 710 x 22 = 55,810# 

Average shearing etresB at least section = 55,810 = 

28 X 20 

ioo# 

Shear carried hy concrete = 20 x 36.3 x 30 » 21,800# 
Shear to he carried hy steel » 55,810 - 21,800 = 34010# 
¥eh reinforcement ° ^^gg^P . iP a 2.84 sq. inches. 
Area of stirriq) =» 2^ a 1.42 sq. inches. 
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SECTION E. (See Drawing Ho. 7) 
■FLOOR SLAB. 
Z a 7.25t W a 350# 

« 600 fg = 12000 n « 15 

M » lAO X 350 X (7.25)2 x 12 « 221,000»#c 



^Jts 109 « 2^1,000 



"Irssr.oocT 

K 12 



d 



Wt. of lin. ft, of Slab » ^-^ 144'^''' * * 
W « 350 + 52 * 402# 

M « lAO 3C 402 X (7.25)2 x 12 « 250,000»^(% 

» 109 ° 250,000 
12 ITd^ 



p X iW 



» 4.375" Use 4^ " 
Area of steel « .0107 x 12 x 4.375 ~ .56 sq. inches. 
Negative Moment 1^2 x 402 x (7.25)2 x 12 « 208,500"5{fe 
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M s 109 a 208,500 



d 

» 4" 




Area of steel ■» .0107 x 12 x 4 = .515 sq. inches. 
CROSS BEAMS. 

d = t(f8 d - 4.375 (1|2P0 + 1) - 10.2* 

nr^ 15 X 600 

W » 402 X 7.25 « 2920# 

M « lAO X 2920 X (17.25)2 x 12 « 1 ,043,000''#s 

C ^ r . ^ 1,043,000 = 47,800# 

(d - tt) ( 24 - t 4.325) * 

b « _|C a 2x47^00 . 36^4„ 
4.375 X 600 

1) « 16" 

¥t per ft. of Beam » 24_x^^6,. ^ j^^q ^ ^qq^ 
W «2920 + 400 = 3320# 

Iff = 1/LO X 3320 X (17.25)2 X 12 « 1,189,000"#8 

A =■ . = a 4.55 Bq. inches 

(d - it)fe (24 - 4^ ) 

2 
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Oyer Supports. 



Negative Moment » 1/1^ x 3320 x (17.25) x 12 « QgOjOOOlJ^ 



-rMrr * 109 « ?90,0 00 



'16 xK)9 



23. 8» 



Area of steel « .0107 x 16 x 23.8 « 4.07 »q. inches, 



End Shear « 3320 x 1 7.25 „ 28,600# 

Average shearing stress « ^4 * ^^g^ " 

Shear carried "by concrete » 14 x 24 x 30 « 10,100# 



Shear to be carried by steel ■ 18,500# 



Area of steel » l|i|gg.^- » 1.54 sq. inches, 
Area of etirrup «■ isupi. = . 77 sq. inches. 



# CBNTiSR /JIRDERS. / 
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M » 3 X 57,2 X 29 X 1 2 « 3,735,000"#b 

16 

M = = 3^735.000 
28 X d2 



d 



Negative Moment over support . 

M = 5,.£.j7. « . 2pP . i ^ . 29 X 12^ = 6,230,000''#B 

16 

« 109 » 6,230,00 
bd^ 28 X d« 

* " l /g725g ;W" a 45.0" 

y2ririo9 

¥t per ft, of Beam » 40 x 28^ = 1168# 

144 

Pos. B.L. Moment » 116fi 7^(29)^ ^ » 1,178,000»#8 
Neg. B.L. Moment « U , 68 y -^i ^?)^ ^ = 981,000"#s 
Total Po8. Moment = 3,735,000 + 1,178,000 = 4 , 913,000"?{fe 

Area of steel » .0107 x 28 x 40.1 » 12.0 aq. inches. 
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Total Neg. Koment « 6,230,000 + 981,000 « 7, 211, 000 "#b 



, 109 » 7.211.000 
Dd*- 28 X d* 



Area of steel « .0107 x 28 x 48.3 « 14.5 eq. inches. 
Bnd Shear « 85,800 + 1,168 x 29 , i02,740# 

Average Shearing stress « -|2P.t7.f-9, « 85«# 

28 X 43 

Shear carried by concrete » 28 x 43 x 30 » 36,100 
Shear to he carried by steel « 102,740 - 36,100 « 66640 

Area of steel « 12660^ ^•^^ inches. 

Area of stirrups « .Lt^ - 2e77 

2 
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Design of Roof 



Digitized by 



Google 



Digitized by 



Google 



62 



SECTION A. (See drawing No. 8) 
DESIGN OP ROOP. 



O 



Pitch 1" in 1' Angle 5 

LoadB to "be carried per eq. ft. of roof 
Roof covering (tar and gravel over 4 thicknees of 
felt) = = 9.5# 

Snow =22.0 



Wind press • 5.2 

Total = 36. 



Use 37# 



Slabs . 

M = 37 3C (17.25)2 X 12 = 13.180«#8 
12 * 

d 



Tl2x 109 



= 3.175' 



Wt. Of lin. ft. of Slab ^..^/fiiO-.^ x 150 « 54# 

144 

¥ « 37 + 54 « 91# 
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=. 109 « 32,500 
Dd^ 12 X 



d 



'12 X 109 " 

Area of steel « ,0107 x 5 x 12 » 0,641 sq. inches, 

Over Supports, 
M « 9;L ?c (17^5J2 X 12 , 27,l00-#8 

« 109 «»27JL00 



d 




.4.55. 



Area of steel « .0107 x 4.55 x 12 = 0.585 sq. inchee, 
CROSS BEAMS. 

¥ ■ 95 X 17,25 a 1640# 

If = 3Lg4Q g 3C 12 a 995,000"#8 

10 

M , log « 995,000 
Dd* 16 X d* 
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X 



Lti^ii « 23.8 
xl09 • 

¥t of lln. ft. of Beam = -A^tS-JLi:^ x 150 » 398# 

144 

W » 1640 + 400 a 2040# 



M = ^40,i^^22^X 12 . i,240,000"#B 

Area of eteel « ,0107 x 16 x 26.8 ? 4,69 eq, Inchee. 

Oyer Supports, 
M a 2040 X 22.5 X 12 « i,031,000»#s 

12 » , TT 

= 109 a 1.031,000 
Dd'^ 16 X d*^ 



d = 



1,031,000 a OA An 



Area of steel « ,0107 x 16 x 24,4 « 4,17 sq, inches . 
End Shear « ^Q.^P. i^. .^Rf^ = 23,000# 

0^ 
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Average shearing stress = ^j»?99. = 53.1#a s<1. inch. 

16 X Si7 ~ 

Shear carried hy concrete « 16 x 27 x 30 » 1,300# 

Necessary ¥eh reinforcement — ^P u P^P — a 0.835 sq. inch 

12,000 ^ 

Area of stirrup « = .42 sq. inches. 
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SECTION B, C, & D. (See drawing No. 9) 
ROOF. 

s. 

Slat}. 

W « 37# per sq, foot. 

« - ' '^°)^ ' . 9.980 



d 



980 s P 77ti 



Wt. of lin. ft. of Slab » ^-^M x 150 » 50# 

144 

W a 37 + 50 a 87# 

M = 87 X (15)2 3, 12 = 2,350»#8 
10 



^ « 109 »2^50 



^2^5_g_^ . 4,24" 



X 109 

Area of eteel « .0107 x 4.25 x 12 » 0.545 sq. inchee. 
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Over Supporte. 



y„. a 109 = 1.96 



960 « Aft* 



Area of steel » .0107 x 3,88 x 12 » 0,5 sq, inches, 

CROSS BSAMS. 
¥ » 90 X 15 « 1350# 

M « l^A^Igg^j. 3C , 12 , 765,000''#s 
^ - 109 . j|S|^0„ 



■^fi.S^PgSL,- « 22,6" 
4 X 109 • 



Wt of lin, ft. of Beam « ^^^^.^^ ^ 150 » 365# 

144 

V a 1350 + 365 « 1720# 

M = JL720 3cJ.2,2,5j2^x^l2__ = l,045,000"#8 
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If „ 31,JlJJJ,^^^^JS. « 32,500"#8 
-fe = 109 « 32 5QP 



'12 : 



Area of steel « .0107 x 5 x 12 » 0,641 8q. incheo. 
Over Supports, 

M = 9^ pc (^7,25)2 X 12 = 27,100-#8 
12 

^ . 109 .^1^ 

Area of steel « ,0107 x 4,55 x 12 = 0,585 sq, inches, 

CROSS BEAMS. 

W • 95 X 17.25 a 1640# 

K « I g4 fi.JL(gg.&,)^ ^ .3-2 » 995,000"#8 

M « lOQ a 9 95.000 
^""^ 16 i 
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X 



» 23.8 

1.09 

Wt of lin. ft. of Beam = _23j^_x^l6_ 150 « 398# 

144 

V « 1640 + 400 a 2040# 



M = ^40.ic^22^x 12 . i,240,000«#8 



K , 109 . 1.240 000 
od^ 16x5* 

I « I 



Area of steel « .0107 x 16 x 26.8 ? 4,69 sq. inches. 

Over SupportB. 



M « f 22t.5 X 12 , i,031,000"#s 



M = = 1.051.000 

Dd*^ 16 X d*^ 



* ' 1,031.000 a OA 4» 

Area of steel « .0107 x 16 x 24.4 = 4.17 sq. inches. 
End Shear » 2040 x 22.5 - 23,000# 
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Average shearing stress = ?A%999 = 53.1#X sq. inch. 

16 X 27 ' 

Sheax carried by concrete « 16 x 27 x 30 » 1,300# 
Necessary Web reinforcement — P^P , i , 9QP — a 0,835 sq. inch 
Area of stirrup » •^^P « .42 sq, inches. 
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SECTION B, C, & D. (See drawing No. 9) 
ROOF. 

W at 37# per Bq. foot. 
If 9.980 



d 



Wt. of lin. ft. of Slab » ^-^^ ^ ' 

¥ a 37 + 50 a 87# 

M » 87 X (15)2 3, 12 a 2,350»#8 

« 109 -2i350 
bd2 12 X <i2 



Area of steel « .0107 x 4.25 x 12 » 0.545 8q. inches, 
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Over Supports. 
M a 87 y^lS^ X 12 , 1,960 •#» 



= 109 ^^1^0 
DO? 12 X 



d 



jlpro 



Area of eteel « .0107 x 3,88 x 12 » 0.5 cq. inches. 

CROSS BEAHS. 
W a 90 X 15 « 1350# 

M « imJLi2|^2 X_i2_ a 76 5, 000 ••#8 



7.6.5jPPO_. » 22.6" 
4 X 109 • 



Wt of lin. ft. of Beam « ?5 x 14 ^ 150 » 365# 

144 

W a 1350 + 365 « 1720# 

M - 3C. ,(.22.5j2,x^l2__ , l.045.000"#8 

10 » » " 

14 X d2 
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ri4 X 



109 



000 = 26.2 




Area of steel « .0107 x 14 x 26,2 » 3,92 eq. inches. 
Over Supports. 

M » 1720 X (22.5)^, X 12 » 870,000*#s 
12 * 

M a -iOQ = 870.000 



LjO^^PZZa 24 " 



Area of steel «» ,0107 X 14 x 24 » 3.7 sq. inches. 
End Shear « 1720^x 22.5 = 19,400# 

Average shearing stress « j-?.»^QP, , . a 53 # f sq. inch 

14 x 26,2 ' 

Shear carried hy concrete » 30 x 14 x 26,2 » 11,000" 
Hecessary weh reinforcenent a^,^Q^.^PP. a 0.7 sq. inches. 
Area of stirrup = P.'7P = 0.35 sq. inches. 
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Design of Columns 



Digitized by 



Google 



Digitized by 



Google 



SECTION A 
See Drawing No. 10 



Floor Load 


Area Area 
lEeqLd Used 


Steel 
Req'd 


Steel 
Used 


4 


4b, 000 


79 sq" 144 Bq. " 


0.85 Bq. 


" 1.54 Bq." 


3 


;-0^,300 


5^5 400 


3.80 


4.28 




407 ,800 


714 730 


7.64 


7.81 


1 


617,400 


1080 1090 


10.16 


10.17 






SIDE COT,TJ?!NS . 






4 


ii;:i500 


40 144 


0.43 


1.54 


3 


102,000 


179 196 


1.92 


2.10 




ii04,700 


360- 361 


3.85 


3.66 


1 


:509 , 300 


542 576 


5.80 


6.16 


CORNER COLUMNS. 


4 


11 , 300 


20 144 


0.21 


1.54 


3 


52,100 


92 144 


0.98 


1.54 




92,900 


163 169 


1.70 


1.81 


1 


134,100 


236 256 


2.53 


2.74 
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SECTION B 
See Drawing No . 11 
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Cr.I.'TER COLUMNS . 



Area Area Steel Steel 

Floor Load Ree[*d Used Re^i'd Used 

sq. Ine. sq. ins. sq. inB. sq. ine. 



SIDE COLUIOTS. 



4 36,200 60 144 0.64 1.54 

3 173,700 298 324 3.19 3.47 

2 314,300 539 576 5.76 6,17 

1 457,500 784 784 8.40 8.40 



4 18,100 32 144 0.34 1.54 

3 87,000 153 169 1.64 1.81 

2 159,200 280 289 3.00 3.10 

1 L29,300 400 400 4.27 4.27 



CORlI.tJ. COLUMNS. 

4 10,100 18 lAA 0.193 1.54 
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CORNER COLUMNS, (continued) 

■ j^'^gi^ ' Area "^eel Steel' 

Floor Load Req^d Used Req'd Ueed 

Bq. ine. Sq. ins. eq. ins. sq. ins, 



3 


44,000 


77 


144 


0.82 


1.54 




79,100 


139 


144 


1.49 


1.54 


1 


112,100 


197 


225 


2.11 


2.41 
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CENT>a< COLOT^NS BETV^EEN B &: C . (See Drawing No. 12) 

Area Area Steel Steel 

Floor Load Keq'd Used Req'd Used 

sq. ins. Sq, ins, sq. ins. Sq. ins. 

4 3L,800 57.5 144 0.615 1.54 

3 157,200 ;^76 Ji89 2.85 3.09 
ii 284,500 500 529 5.35 5.65 

1 414,600 726 7;o9 7.76 7,80 

SIDE COLUimS BEr\miT ^ ^: c. 

4 16,400 29 144 0.31 1.54 
'6 78,100 137 144 1.47 1.54 

2 143,200 252 256 2.70 2.73 
1 206,300 366 400 3.92 4.28 
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CiJlITKR 


COLUiaTS 


P E TTON C I 






Floor Load 


Area 
Req'd 
B^. inE 


Area 
Used 


Steel 
Req'd 

ine. 


• ■ > • - — 

Steel 
Used 

1.54 


4 3Ji800 


58 


144 


0.62 


3 151,200 


276 


- 289 


1.89 


2.02 


'd ^84,500 


500 


529 


5.35. 


5.65 


1 434,200 


762 


784 


8.15 


8.40 




rOT.IIMNS 




r Sr Ti 
\j u ^ 




4 10,400 




1 >l >! 




1 f\A 

X . 04 


3 78,100 


137 


144 


1.47 


1.54 


2 143,200 


c62 


289 


2.80 


3.09 


1 i.18,100 


383 


400 


4.10 


4.28 
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SECTION E (See Drawing No. 14) 
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■>.cj:yTM^ n^IiglSt — 

Area Area Steel Steel 

Ploor Load req'd Used req'd Used 

eq. ine. Sq. ln&. eq. Ins. sq. ins, 

1 '6k,ii,000 565 576 6.05 6.16 



COLTOXS BETWEMT SECTION'S A & B. 



4 ^ii,500 40 144 .43. 1.54 

3 102,000 179 196 1.91 ii.lO 

i;34,600 412 441 4.41 4.73 

1 504,300 684 900 9.45 9.63 
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Design of Footings and Cantilever Girders 
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Design of Pootings and Cantilever Girders. 
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CORNER COLUJm FOOTING. ( Sect j on A.) 

Area of footing » ^ 33.6 eq. feet. Use 6* x 6" 

Moment at Center ■ 4000 x (3)2 x 12 . 216,000"#b 

- 109 ° 216.000 
Dd2 12 X 

^ "1 /216,000 „ ,31, , 

If 1^ X lOd • 13 - 1 1 

Area of steel » ,0107 x 12 x 13 « 1,68 sq. inches. 
Shear « 4,000 x 3 ■ 12,000# 

Average shearing stress « 12,000 ^ rf^^ p^j. ^ 
Shear carried by concrete * 12 x 13 x 30 » 4,680# 
Shear to he carried by steel « 12,000 - 4,680 ■ 7,320# 
Area of steel »^_2^320__ , inches. 

CORNER COLUMN CAITTILEVER GIRDER. 
M ■ 134,100 X 2.33 x 12 « 3,750,000"#s 
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^5 ,750^000 _ , 31" = 2'7" 



Wt of lin. ft. of beam » 36 x 31^ j^gQ , i i20# 

144 ' 

P.L. Moment » 1^120 x (3)2 x 12 , 60,500»#b 

fit 

Total Moment » 3,750,000 + 60,500 « 3,810,500 



3,810,500 



32" « 2'8" 



f36 xWO" 

Area of steel » ,0107 x 36 x 32 « 12.3 sq. inches. 
End Shear » 134,100 + 1,120 x 3 » 137,500# 
Shear carried by concrete » 36 x 32 x 30 « 34,600# 
Shear to be carried by steel » 137,500 - 34,600 ■ 
102,900# 

Area of steel « IQ^^gOO 8.56 sq. inches. 

Shear at end of long area ^ oa»?^2*^^?o = 15800#. 

Area of beam shearing stress lOO*' = ^5^800 ^ j^gg gq^^^^ 
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Depth of Beam » 158 ,511 uae 12" 

36 

Shear carried "by concrete « 12 x 36 x 30 ■ 13,000 
Shear to Toe carried by steel » 15,800 - 13,000 - 28000 
Area of steel * \|ooo " ^•24 eq. inches. 

COLUJiNS BETIBBN B & C AND C & D. 

SIDE COLUMN CAiTTILJEVBR GIRDERS. 

(See Drawing No. 18) 
M = 218,100 X 2.42 X 12 « 6,350,000 »#8 

^= 109 « 6 350.000 
bd*' 36 X da 

* * 1 /^TT60,000 a 41" » 315" 
V3^ X 109 

Wt. of lin. ft. of beam » 36 41 — 150 = 1540# 

144 

P.L. Moment » 1540 x (2.42)2 x 12 « 540,000"#s 

2 

Total Moment « 6,350,000 + 54,000 « 6, 404000 "#8 

JLo » 109 a 6.404.000 
36 X dii 
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Area of steel » .0107 x 36 x 41 ■ 15.8 sq. inches. 

End Shear » 218,100 + 1540 x 3.25 » 223,100# 

Average shearing stress ^^^^^i^QO » 151 #s per sq.in. 

Shear carried hy concrete • 36 x 41 x 30 » 44,250# 

Shear to he carried by steel « 223,100 - 44,250 a 178850# 

Area of steel - ^^^g^g^O . ^ inches. 

Shear end of long arm ° 6,404,000 ^ 40,500# 

12 X 12.58 

Area of beam shearing stress of 100" g^Q^gQQ -r 
405 sq. inches. 

Depth of beam » i2|-« 11.2 Use 12" 

Shear carried by concrete » 12 x 36 x 30 « 12,970# 

Shear to be carried by steel « 40,500 - 12,970 = 

27,530# 

Area of steel * ^^tgSO — s £.3 sq. inches. 
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COLUMNS BETWBEU SECTIONS B & C AND C & D. 
SIDE COLUMN FOOTINGS. 
Area of footing au-^lS^OO . 54 g inches Use 
7. 5' X 7. 5' 

Moment at Center « 4000 x ^3 .25)2 x 12 . 25500"#s 
y a 109 a 255.000 



d =1 

\ / 255.00t r . , , ton 

h2 X 109~" ^ ^ 

Area of steel « .0107 x 12 x 14 =« 1.80 sq. Inches. 
Shear - 4,000 x 3.25 « 13,000# 

Average shearing stress » 13*000 « 77. 5# per sq. in, 

12 X 14 

Shear carried "by concrete » 12 x 14 x 30 » 5,040# 
Shear to "be carried hy steel « 13,000 - 5000 « 8000# 
Area of steel » _^§^000__« ^55 inches. 
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CMTBR COLUMN FOOTINGS. 



Area of footing «^434j200_ , 108.5 sq. inch. Use 

4000 

11' X 11' 



Moment at center • 4000 x (5.5)2 x 12 » 730800 

2 



M_ . log . 730, 200 
t!d^ 12 X d.i* 



Vl2 X 



TSOTW: « 24" » 2'0' 



TOT 

Area of steel * .0107 x 12 x 24 » 3.08 sq. inches. 
Shear ■ 4,000 x 5.5 « 22,000 

Average shearing stress ^ i|'x^^4 * 76.5# per sq. fa 

Shear carried by concrete a 12 x 24 x 30 « 8,650 

Shear to he carried hy steel » 22,000 - 8,650 « 13350# 

Area of steel • » 1.11 sq. inches. 

SIDE COLUMN FOOTINGS. (Section A.) 
(See Drawing No. 15) 

Area of footing ^ ^2o60^^ * ''^ ^' 



Digitized by 



Google 



Digitized by 



Google 



83 



Moment at center » ^QQQ x (4.5)^ x 12 = 486,000"# 



Area of steel » ,0107 x 20 x 12 <* 2.57 sq. Inches. 

Shear « 4000 x 4.5 » 18000# 

Average shearing stress "_|8020_^ . p^r 

Shear carried "by concrete » 30 x 20 x 12 « 7,200# 
Shear to "be carried "by steel « 18,000 - 7,200 » 
10,800# 

Area of web reinforcement » 10^800 ^ sq. incla 



Area of footing « 617^400 154 ft. Use 
12*6" X 12*6" 

Moment at center « 4000 x (6.25)2 ^ 12 . 936000f 





CENTER COLUMN FOOTING. 



2 
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■tMtt » 109 a 9 36,000 



Y 936.00 0" a 27" « 2»3" 



fl2 X lOT 

Area of eteel =» .0107 x 27 x 12 » 3.47 sq. inches. 

Shear « 4000 x 6.25 » 25,000# 

Average shearing stress » |5.000^ „ 1717^ 

Shear carried "by concrete » 27 x 12 x 30 « 9,700 
Shear to "be carried "by steel » 25,000 - 9,700 » 
15,300# 

Area of weh reinforcement « ^.^'^^^■^ » 1.28 sq. in 

CANTILEVJ21 GIRDERS. (Section A.) 
(See Drawing "So, 15) 

M » 309,300 X 3.5 x 12 « 12, 970, 000 "#8 

M = 109 - 12.970.000 
bd^ 36 X d* 
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Wt. of lin. ft. of -beam » 36 x 57.5 ^ 150 m 2i57# 

144 

P.L. Moment « 2157 x 4,5 x 1.75 x 12 » 203,300"#8 

Total Moment « 12,970,000 + 203,300 » 13,173,300 

M , 3^Q9 a 13.173.300 
Dd^ 36 X 

Area of steel «» .0107 x 36 x 58.9 » 22.7 eq. in. 

End Shear - ||2^300_x_26 , 357,000# 

Average Shearing stress » 169# vex sq. in. 

Shear carried by concrete « 36 x 58.9 x 30 « 63,600# 

Shear to "be carried by steel » 357,000 - 63,600 ■ 

293,400# 

Area of steel » ^i||ooO * ^^'^ inches. 

Area of stirrups 6" apart » ZA,5 « 4,1 gq, in, 

6 

l-i"" stirrup in double loop 
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SIDE COLmm CANTILEVER GIRDERS. (Section B. ) 

(See Drawing No. 16) 
•M « 229,300 ic 3.17 x lii = 8,710,000"#B 



Wt. Of lin. ft. of team « 36 x 47 ^.50 » 1760# 



P.L. Moment » 1760 x (4)2 x 12 , 169,000"#6 
Total Moment » 8,610,000 + 169,000 » 8,779,000"#b 
. . ^ s 109 » 8,779.000 



Area of steel « .0107 x 36 x 48 = 18.5 cq. incheo. 

End Shear » 229,300 + 1760 x 4 « 236300# per sq. in. 

Average shearing stress a 236,300 » 137# 

36 X 48 

Shear carried "by concrete = 36 x 48 x 30 ■ 51,800# 

Shear to be carried "by steel « 236,300 - 51,800 = 184500# 





144 



hd^ 
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Area of eteel « i^^^Qo"^ ° ^^'^ **** inches. 
Shear at end of long arm « 8.779,000 ^ 37 850# 

Area of heam at average shearing stress of 100# = 
^''^Qgg « 378.5 sq. inches. 

Depth of beam « , 10. 5" Use 12 " 

36 

Shear carried hy concrete • 36 x 12 x 30 » 12,970# 
Shear to be carried by steel « 37,850 - 12,970 » 
24,880# 

Area of steel « ^|4^|80__ . j, qs sq. inches. 

SIDE COLUMN FOOTINGS . 
Area of footing « |gg^^QQ — « 57.3 sq. ft. Use 8' 
X 8' 

Moment at center » 4 000 x (4)2 x 12 „ 384,200"#s 

2 ' 

« 109 = 384 200 
bdF 12 X d^ 

I « 18- « 1'6" 
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Area of steel =» .0107 x 18 x 12 » 2.31 sq. inches. 
Shear « 4000 x 4 » 16,000 

Average shearing stress s^_i|2^£_.^ » 74# per sq. sq. in. 

18 X 1<^ 

Shear carried by concrete » 30 x 18 x 12 « 6,480# 

Shear to "be carried by steel » 16,000 - 6,480 =9,520# 

Area of web reinforcement » ^f^Q » ,794 sq. in. 

12000 

CENTER COLUm FOOTINGS. 
Area of footing » ^^^^^00 , 114. 2 sq. inches Use 
11' X 11' 

Moment at center » 4 000 x (5.5)^ x 12 = 734000"#b 



K s lOQ s 734,000 



* ' l/lCO?gI = 24" - 2'0" 
X 109 

Area of steel = ,0107 x 24 x 12 » 3.08 sq. inches. 
Shear s 4,000 x 5.5 = 22,000# 

Average shearing streee S ' 4 x 1£ per cq. ti 
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Shear carried "by concrete » 2^ x 12 x 30 = 8,640# 

Shear to he carried hy steel * 22,000 - 8,640 » 13360# 

Area of weh reinforcement = 1S»360 s i ni gq. in. 

12,000 
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Section B. 

COBNBR COLUIIN POOTIITSS. 
(See Drovrlng No. 17) 



Area of footing — ■ 28.05 sq. ft. Use 

5.5* X 5.5' 

Moment at center » 4000 x (2.75)2 x 12 ^ i82,000"#b 



82, "gob . 

- i lOd 



Area of steel ■ .0107 x 12 x 12 « 1.56 sq. in. 
Shear « 4000 x 2.75 « 11,000# 

Average shearing stress » il^x^ij^ ^ 76.5# per sq. ii 
Sheeu: carried by concrete « 12 x 12 x 30 » 4,300# 
Shear to be carried by steel « 11000 - 4300 « 6,700# 
Area of steel « ^^^gg « .56 sq. in. 

CORNER COLmOI CANTILBVER GIRDERS. 
M a 112,100 X 4.62 X 12 a 6,220,000"#B 

-c^tr = 109 « G»i^20.000 
Dd^ 36xd2 
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¥t of lin. ft. of team » 56 x 40 ^ _ x5oo# 

144 



P.L. Moment « 1500 x (4,62)^^ x 12 , i92,500"#b 
Total Moment » 6,220,000 + 192,500 « 6,412, 500 "#8 
M . » 109 * 6 .412,500 

d =1 



1/6 .412.5 0(5 
f 36 X lt)9 



a 41" » 3'5" 

Area of 8teel » .0107 x 36 x 41 « 15.8 

End Shear » 112,100 + 1500 x 5.5 « 126,350# 

Average shearing streee =» 120, 650 . oi.6# per aq. ii 

36 X 41 

Shear carried hy concrete « 36 x 41 x 30 » 44,250# 
Shear to be carried by steel =» 120,350 - 44,250 » 
76,100 

Area of steel « .JjSjlOO ^■ 6,35 sq. inches. 

1200b ^ 



Shear at end of long arm ^ 6^412,500 ^ 000# 

22.38 X 12 > ^ 
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Area of beam shearing stress 100# » 24.000 « ^40 sa in. 

100 

Depth of "beam » * 7" Use 12" 

Shear carried by concrete « 36 x 12 x 30 » 12,970 
Shear to be carried by steel ■ 24,000 x 13,000 ■ II90O 
Area of steel « ^2) 066 " '^^* ^"^^®°* 
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Section S. 



CENTER COLUMN FOOTINGS . 
(Sae Drawing No. 19) 



Area of footing « ^^^^ggQ — * 80.5 cq. ft. Use 9« x9 
Moment at center « 4000 (4.5)2 x 12 ^ 492000"#6 
M - g 492.000 



' 1 /492.0 00 . 20" 

Vl2 X 1^9 

Area of eteel « .0107 x 12 x 20 » 2.57 cq. inchec. 
Shear « 4000 x 4.5 » 18,000# 

Average shearing stress » 1|222-,^ 75# per sq. in. 
Shear carried "by concrete » 12 x 20 x 30 =» 7,200# 
Shear tp "be carried hy steel = 18000 - 7,200 « 10,8005^ 
Area of steel » » .90 sq. inches. 

COLU?JNS BETWEEN SECTIONS A & B 
Area of footing «^-52Jj322» 126 sq. ft. Use 12' x 12' 



4o6o 

Google 



Digitized by ' 



Digitized by 



Google 



94 



Moment at center = 4000 y (6)2 x 12^ 864,000''#b 
» 109 = 864,000 



^ ' 1^64, OW^ , 26" 
1(12 X 109 

Area of steel ■ .0107 x 12 x 26 » 3,34 sq. incheo. 
Shear « 4000 x 6 » 24,000# 

Average shearing stress » 24000 ^ rfr^^ j^^j^ 

12 X 26 

Shear carried by concrete » 12 x 26 x 30 « 9,350# 
Shear to be carried by steel » 24,000 - 9,350 « 14650 
Area of steel » * 1.22 sq. inches. 
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